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I, Michael Cornelius Gerrard, a British 
Subject, of 18 Highficld Road, Cbcadlc 
Hulme. Orcshirc, do hereby declare the 
invention, for which 1 pray that a patent 
may be granted to me» and the method 
by which it is to be pciformcd» to be par- 
ticularly described in and by the following 
statement: — 

This invention is concerned with a device 
for protecting alternating current electrical 
circuits and apparatus, in particular port- 
able apparatus, against dangers arising 
through faults and also against those arising 
through incorrect connections being made. 

A large proportion of portable domestic 
electrical appliances such as suction 
cleaners, hair dryers, lawn mowers, electric 
blankets, portable drills, are at the present 
day still only fitted with two-core cables, 
havine. live and neutral only, and there is 
no legal compulsion for the provision of an 
eardi conductor. The consequent dan^r 
of the appliance becoming electrically live 
is increased if in addition the leads are con- 
nected wrongly to the supply so that the 
single-pole switch is in the neutral instead 
of in the live conductor. 

Where three pin earthed supply sockets 
are provided there is still nothing to ensure 
that three-core cable is used to the appli- 
ance, and furthermore even where three-core 
cable is used there is no certainty that iU 
will be connected correctly. When it is 
appreciated that there are six different 
possible ways of connecting three wires to 
three terminals, only one of which is correct, 
it will be understood that it is very easy 
for an appliance to be wrongly connected 
to a plug by inexperienced hands. Fre- 
quently the appliance works satisfactorily 
and the danger is not realised nndl an 
accident results. 

Again, even with the appliance correctly 
wired to the plug, any interruption of the 
earth conductor will not be delected and 
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the appliance will continue to be used in a 
potentially dangerous state. In industry the 
earth connection of portable appliances is 
often checked by discharging a heavy current 
through it from a test instrument from time 60 
to time, but no such check protects the 
domestic user of appliances. 

It is laiown to provide various kinds of 
safety d&vice including differential trans- 
formers and relays, earth-leakage relays, and 55 
also transformrars of which the secondary 
winding produces a low-voltage output which 
causes a current to circulate in the earth 
lead of the appliance to be protected. How- 
ever, none of these devices so far proposed 
has ensured firstly that the earth connection 
is continuous ri^t back to its point of union 
with tibe neutral line of the mains supply, 
and secondly that the appliance cannot be 
connected, even momentarily, unless the 
connections are substantial^ correct. 

The aim of the invention is to overcome 
these drawbacks and to provide, as far as 
possible, an effective safeguard both against 
incorrect connection of the apparatus and 
against failure of the earth conductor, in 
addition to the usual fusible links in the 
supply protecting against overloads and 
short-circuits. 

According to the invention an electrical 
protective device tor interposition between 
an alternating current mams supply, which 
includes an earth conductor and a current- 
consuming appliance, comprises a relay or 
circuit-br^er having contacts which open 80 
to isolate the apparatus from^the supply, the 
operating coij of the relav or circuit-breaker 
deriving its operating voltage from a source 
dependent on the sum of two magnetic 
fluxes or from the sum of voltages derived 85 
from two magnetic fluxes, the fluxes being 
derived from the volta^s across two pairs 
of conductors of the device, one of these 
conductors being the earth conductor, 
whereby if the sum of the fluxes or of the 90 
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voltages is substantially below its correct 
value the relay or cinniit-breakcr wiU jc- 
main open and the appliance will be isolated 
from the supply. 
5 In the case of a sin^e phase supply the 
current for the operating coil of the iday 
or circuit-breaker may for example be de- 
rived from a potential source comprising the 
series-connected secondaries of two trans- 
10 formers^ the primaries of which are con- 
nected respectively one between the con- 
ductor intended to be connected to the live 
terminal of die supply and the conductor 
inlttnded for earth, the other between that 
15 intended for the Mve terminal and that in- 
tended for the neutral If the three con- 
ductors are coaectly connected to Jive, 
neurtal and earth of the supply, then there 
wDl be substantially the fnu supply voltage 
20 across each primary and the resulting secon- 
dary voltages, which add up. are arranged 
to be sufficient to close the relay or circuit- 
breaker. If. however, any or almost any of 
the connections are interchanged, or if there 
25 is a break in a conductor, one or other or 
both of the voltages will not appear and 
the relay contacts will remain open, isolating 
the appliance from the supply. It will be 
appreciated that this circuit according to the 
30 invention checks the continuity of the earth 
coimection right back to the point of the 
mains supply where earth and neutral be- 
come conunon. 
According to a further feature of the 
35 invention provision is made for the passing 
of a current continuously through the pro*, 
tecdvc earth sheatii of the appliance, and 
any interruption of this current, such as 
would be caused by dama^ to the sheath. 
40 will isolate the appliance from the supply. 
For example the current to ihe operating 
coil of the relay or circuit-breaker mentioned 
earlier coidd be passed throu^ the sheath. 
In an electrically heated blanket, wanning 
45 pad. mattress or the like, for example, the 
heating element may be enclosed in a con- 
tinuous braided flexible metal covering of 
whidi one end is earthed and of which the 
two ends arc cormected in series with the 
50 > transformer secondaries mentioned eariier. 
Then any fracture of the braided covering 
will interrupt th& supply to the coil of the 
relay or circuit-breaker (hereinafter referred 
to as a circuit-breaker) and isolate the 
55 appliance. 

Two examples <rf electrical safety devices 
and a modification will now be described 
by way of example with r^erence to the 
accompanying drawings, in whidi: — 

60 Figure 1 shows the circuit diagram of one 
form of the device, also indicating the con- 
nections to the sppiiance. 

Figaro 2 shows the circnit of a modified 
form, omitting the differential current rday. 

65 Figure 3 shows a modification which may 



be embodied m cither of the circuits of 
Figures 1 and 2. 

Referring first to Figure 1. this shows a 
form of the device giving maximum protec- 
tion. The input terminal board or plug is 
shown at 1. having terminals N. E and L 
respectively for connection of the neutral, 
earth and live connections of a single phase, 
alternating current supply. Normally the 
supply will be in the form of one phase 
of a three-phase alternating current supply 
network and at some point in the network 
there will be a star-connected transformer 
the secondary winding of which has its 
central star joint earthed. The earth wire 
of the consumcr*s installation will norm- 
aUy also be cormected to an earthing rod or 
other conductor buried in the ground, and 
if ajl the earth connections are correct this 
earth path should have a resistance low ^ 
enough to allow any earth faults to circulate 
through it 

The device according to the invention 
has, broady speaking, three conductors 2. 
3 and 4 running through it. cadi broken by 
a circuit breaker A. and a further circuit 
breaker B. The live and neutral conductors 
2 and 4 eadi have protective fuses F and 
series windings 5 and 6 on the outer limbs 
of a differentia] current relay C of special 
construction, to be described later, and then 
all three conductors lead to an output ter- 
minal board or socket 7. which includes an 
extra earth terminal in addition to 
an earth terminal E,. I'X) 

A transformer T has a three^limbed core 
with two primary windii^ 8 and 9 and, on 
the central limb, a sin^ low-voltage secon- 
dary winding 10. It will be understood that 
the transformer T may be replaced equally 105 
well by two separate transformers having 
their secondary windings connected in series. 
One primary winding 8 is connected through 
a conductor 11, conductor 12. the contacts 
of a push-button 13. and a fuse t4 between HO 
the neutral conductor 2 and live conductor 
4. The other primary winding 9 is con- 
nected through a conductor 15. and the 
same conductor 12. contacts 13 and fuse 14 
between the earth conductor 3 and live 115 
conductor 4. 

A connection from one side of the secon* 
dary winding 10 is taken through a fuse 16 
to the operating coil 17 of the circuit-breaker 
B and thenoe to the terminal E,. and there 120 
is a current path from terminal £„ on the 
output terminal board 7. through the eardi 
conductor 3, conductors 18. 19 contacts 20 
on the circuit-breaker A. contacts 21 oper- 
ated by an armature 22 on the differential 125 
current relay C. and thence to the other side 
of the wihdine 10. 

The circuit4>reaker A is closed by means 
of a push-button 23 against the action of a 
spring 24. and its construction is such that 130 
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voltages is substantially below its correct 
value the relay or dicuit-breaker wffl ic- 
xnaia open and the appliance will be isdated 
from the supply. 
5 In the case of a sin^e phase supply the 
current for t^e operating coil of the relay 
or circuit-breaker may for example be de- 
rived from a potential source comprising the 
series-connected secondaries of two trans- 
10 formers, the primaries of which are con- 
nected respectively one between the con- 
ductor intended to be connected to the live 
terminal of the supply and the conductor 
intended for earth, the other between that 
15 intended for the live terminal and Uiat in- 
tended for the neutral. If the three con- 
ductors are correcdy connected to live, 
neuital and earth' of the supply, then there 
will be substantiaiUy the full supidy voltage 
20 across each primary and the resulting sccon* 
dary voltages, which add up, are arranged 
to be suSident to dose the relay or circuit- 
breaker. If, however. My or almost aiy of 
the connections are interchanged, or if tnere 
25 is a break in a conductor, one or other or 
both of the voltages will not appear and 
the relay contacts wiU remain open, isolating 
the appliance from the sup0y. It will be 
appreciated that this drcuit according to the 
30 invention checks the continuity of the earth 
connection right back to the point of the 
mains supply where earth and neutral be- 
come common. 
According to a further feature of the 
35 invention provision is made for the passing 
of a current continuously through the pro-, 
tectivo earth sheath of the appliance, and 
any interruption of this current, such as 
would be caused by damaee to the sheath, 
40 will isolate the appliance nom the 5upi)ly. 
For example the current to the operating 
coil of the relay or drcwt-breaker mentioned 
earlier could be passed throu^ the sheath. 
In an dectiically heated bla&et, warming 
45 pad, mattress or the like, for example, the 
heating element may be endosed in a con- 
tinuous braided flexible metal covering of 
which one end is earthed and of which the 
two ends are connected in series with the 
50 transformer secondaries mentioned earlier. 
Then any fracture of the braided covering 
will interrupt the supply to the coD of the 
relay or circuit-breaker (hereinafter referred 
to as a circuit-breaker) and isolate the 
55 appliance. 

Two examples of electrical safety^ devices 
and a modification will now be described 
by way of example with rcfezence to the 
accompanying drawings, in which: — 

60 Figure 1 shows the drcuit diagram of one 
form of the device, also indicating the con- 
nections to the appliance. 

Figure 2 shows the drcuit of a modified 
form, omitting the differential current rday, 

65 Figure 3 shows a modification which may 



be embodied in either of the circuits of 
Figures I and 2. 

Referring first to Figure 1. this shows a 
form of the device giving maximum protec- 
tion. The input terminal board or plug is 
shown at 1, having terminals N, E and L 
respectiveljj for connection of the neutral, 
earth and live connections of a single phase, 
alternating current supply. Normally the 
supply wiB be in the form of one phase 
of a three*phase alternating current supply 
network and at some point in the network 
there will be a star-connected transformer 
the secondary winding of which has its 
central star joint earthed. The earth wire 
of the consumcr*s installation will norm- 
al^ also be connected to an earthing rod or 
other conductor buried in the ground, and 
if oil the eaxih connections are correct this 
earth path should have a resistance low ^ 
enou^ to allow any earth faults to circulate 
through it. 

The device according to the invention 
has, broady speaking, three conductors 2, 
3 and 4 running through it, cadi broken by ^0 
a drcuit breaker A, and a further circuit 
breaker B. The live and neutral conductors 
2 and 4 each have protective fuses F and 
series windings 5 and 6 on the outer limbs 
of a differentia] current relay C of spedal 
construction, to be described later, and then 
all three conductors lead to an output ter- 
minal board or socket 7. which indudes an 
extra earth terminal in addition to 
an earth terminal E,. l')0 

A transformer T has a thiee^limbcd core 
with two primary windii^ 8 and 9 and, on 
the central limb, a single low-voltage secon- 
dary windmg 10, It will be understood that 
the transformer T may be replaced equaJly 1^ 
well by two separate transformers having 
their secondary windings connected in series. 
One primary winding 8 is connected througji 
a conductor 11, conductor 12, the contacts 
of a push-button 13, and a fuse U between HO 
the neutral conductor 2 and live conductor 
4. The other primaxy winding 9 is con- 
nected throng a conductor K, and the 
same conductor 12, contacts 13 and fuse 14 
between the earth conductor 3 and live 115 
conductor 4. 

A connection from one side of the secon- 
dary wittdio^ 10 is taken through a fuse 16 
to the operatmg coil 17 of the drcuit-breakex 
B and dience to the terminal and there 130 
is a cun«nt path from terminal £„ on the 
output terminal board 7, through the earth 
conductor 3, conductors 18, 19 contacts 20 
on the dxcuit-brcaker A, contacts 21 oper- 
ated by an armature 22 on the differential 125 
current relay Q and thence to the other side 
of the winding 10. 

The drcuit-^breaker A is dosed by means 
of a push-button 23 against the action of a 
spring 24, and its construction is such that 130 
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the contacts 20 arc only dosed when the 
button 23 is fully depressed and as soon as 
it is released the moving parts are returned 
to a small extent by the action of the spring 

5 24, sufficient to open contacts 20 but not 
the remaining contacts^ and the circuit- 
bieakcr is held in this position by a 
mechanical link (indicated diAgranmiatically 
at M) with the moving parts of the circuit- 

10 breaker B if the latter is energised. On 
de-energisation of the drcuit-brealrer B the 
link M is released and the circuit-breaker A 
returns to its fully open position. 

The circuit-breaker B is closed by cner- 
15 gisation of its operating coil 17» deriving its 
current from the secondaiy mnding 10 of 
the transformer T. 

It is important to note that the sensitivity 
of the coil 17 is arranged to be such that it 

20 will not operate the circuit-breaker B if 
either of the windings 8 or 9 of the trans- 
former T is not receiving substantially its 
full voltage to produce m the secondaiy 
winding 10 a voltage dependent on the sum 

25 of the ma^etic fluxes produced by the two 
primary windings. 

The^ differential current rday C is of 
three-limbed construction, with a rocking 
armature 22 pivoted on its centre limb, and 

30 provided the current in the winding 5 is 
not less than that in the winding 6 the 
armature occupies the position shown* with 
the contacts 21 closed. An increase in the 
current in the winding 6, without a corre- 

35 spending increase in the winding 5 will 
upset the balance, tilting the armatiue to 
open contacts 21 and this also closes a 
further pair of contacts 25 to IHuminato a 
red pilot Jight R by connecting it across 

40 the mains supply. 

A green pilot light G is connected by 
means of a centre-tap across half the secon- 
dary winding 10 of the transfotmer being 
controlled by extra contacts 26 on the 

•lo circuit-breaker B. 

The appliance which is supplied with 
current and protected by the device accord- 
ing to the invention is shown diagrammatic- 
alty in the lower part of Figure 1, and may 

50 take the form, for example, of an electric- 
ally heated blanket or mattress, an iron, 
electric drill, vacuum cleaner, food mixer, 
kettle, or any one of a number of such 
devices. The current consuming element 

05 is indicated at 27 protected by insulation 28 
from the exposed metal frame or casing; of 
tbe appliance shown at 29. Connections 
are made from two separate points on the 
metal frame or casiiig, one to the terminal 

60 and the other to die terminal E,. For 
example, where the api^aiice is a heater, 
such as the electric heating element of a 
heated blanket or mattress, me clement may 
be enclosed in a fi)exible braided metal 



sheath, and the two ends of the sheath are 65 
connected to E, and E,. 

The terminal board 7 is conveniently in 
the form of a socket into v^ch a plug on 
the end of a four-wire flexible lead from 
the appliance is inserted. 70 

I will now consider the operation of the 
device: — 

If the device has been corrcctiy connected 
up to the mains supply, and if the push 
button 23 is now depressed, the full mains '^^ 
voltage is applied to both the transformer 
primary windings 8 and 9. The resultant 
voltage set up in the secondary winding 10 
causes a current to flow throu^ tiie operat- 
ing coil 17 of the relay B through con- 80 
ductor» 18 and 19, contacts 20, termmal 
E„ the two earth leads and the metal frame 
or housing of the api^nce, and back to 
the winding 10, This energises the coil 17 
to dose the circuit-breaker B and current 85 
passes to api^iance. At the same time the 
pilot light G is illuminated by closure of 
the contacts 26. 

When the button 23 is released the con- 
tacts 20 open but the medianical lirfc M 90 
holds the remaining contacts . closed. The 
current to the coil 17 is then maintained 
through the neutral and earth conductors 2 
and 3, right back to that point in the mains 
supply network at vrhidix the earth and 95 
neutral are joined, usually the star-point of 
the secondary winding of a three-phase 
transformer at somo point in the network. 

Now if any one of a number of different 
possible faults arises the device will isolate 100 
the protected appliance completely from the 
supply. For example, if the earth leads to 
the appliance or the metal ftame or casing, 
or in the case of a heating element the 
braided sheathing, is broken at any point 105 
the circuit to the coil 17 is broken, the 
circuit-breaker B opens, and circuit-bresJcer 
A is also opened by the release of the link 
M. The light G goes out The same 
result is achieved if there is any interruption HO 
or undesirably high resistance in the earth 
connections of the suf>pty. Jf an earth fault 
develops in the insulation 28 of the amliance 
then at least part of the current flows through 
the earth 3 instead of the neutral conductor 115 
2. so that the current m the winding 5 falls, 
the balance in the relay C is upset, and the 
contacts 21 are opened, with the same result 
as before, but in addition the red pilot Uf^t 
R is illuminated to indicate the i^esence of 120 
a fault to earth. 

Now if the device had bcax incorrectly 
CQimected in ^e first place, for example 
with the live and neutral leads 2 and 4 con- 
nected respectively to the neutral and live 125 
conductoR of the supply, then ^e winding 9 
of the transformer T would have received w 
current and the output in the secondary 
winding 10. being half the iu)rmal figure. 
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wouW be insufficient to eneigise the coil 17 ance. through the coU 17. and through the 

iSfe^r^ tri^'^?- ?arth and neutral conducti,r7of the suppjr! 

J.xkewise if the earth and live conccuons « a direct current, and is not affected by 

were interchanged there would be no cunent any stray alternating current potential di^ 

P'™^ which may in any case be S- 70 

Tr • . . passed by a capacitor 32. 

U any tune it is desired to trii» the i. -h t. ^ . . 

device Ore user has only to fepSs Tt Jl'^fl^'^^T^i 
button 13. breaking the sipply to boA ±e ''^hu shown m the Figures 

10 prlnuuy windings 8^and 9 of Ae^nrfonier ouf ^^\?„T^.T. 3'^"^"''^"^*/'^ 75 

T. A mechanSal Jink N on this button f^Lf^ ^ ^ ^^"^ °^ ^ 

also enables it to be used to leset the dif- -nT J" • 

ferential current relay C device may be used to protect not 

It wiU be seen tlikt fbc device protects oShSf ^^^In^' faults but also against 

15 the appliance not only against earth faults a ?/«^*"5'"g withm the appliance it protects, 

breakage in the earth Ss wincoScI "fv"* made of tlu> rccenUy developed 

connection of -the applianjl^it i^fjS^ «f ^^id. the eLectr!«l 

a fculure in the ronfinmbr of the S f???, ^^P'^^^vely quickly to a 

connection of the supply 4l agatostl^ !?.^ tf ^ pre-detcrmincd tempcra- 

20 potcntiaUy dangerous incorrect Tonwction ^ niatenal Is used as the 

5^ the device to Ac sSSS^F^Sre "^"'^t'"'^ 2? between the element and casing S.> 

the fiuluie of almost ^^elecS^ hLS^?^ 'ISf*,*^- '^T 

ponent within the device wiU causedi^- °^ ^ appliance catches fire, the 

Section of the supply Jf^^S ^""f"!. to earth will upset 

26 The modified f^ shown in Figure 2 r *'r*'' *'-'^?^'f'^ '^H™^^ on 
is similar to that of Figure 1 apart film the ^ and the apphancc is isolated. Then when 80 
omission of the differe^cuK^y and ''PP^'^-c^^ has cooled and the insulation 
a rearrangement of the pflot S Co^re- J^Sn^^r?" P™P»r*»',»t re- 
sponding parts have the sa^ referent «"PI>ly; !» this way it 

30 letters ^i^rals as i^FSre h TTS SeLi." 

simplified form of the device is less «*nsirivt '^'"'w and m electrically heated 86 

than^thatof iSXt'til'a^S SSf ?o^. .^^rC""^"' "^'"T!? ^ 

between the current-caiiying conductor aSi the normally provided pro- 

the earth leads or housSg of the appHanS l^v L X'"^ ^ low-melung.pohit 

35 will only be deared by the WowiS Ta « thermostate^ . . 

single fuse F in the live condurtor 4 but according to the invcnUon is 100 

oth^ise the protection is the sSf aiihS ^°::f'!i*?i'L.*^?"'^ " « f""?"" J 

incorrect comection and a^st C- ^^apted to W dispsed iwar a domestic wa^ 

motions of earth continuity. ]Ki of ^ "1^ ^ ^« 

40 pilot lights R and G there is a neon lamo « ^'^i". V"^ * « 
P acrols the live and n^tral output Ss ^''''^^'^ sodcet to re- lOo 

of the device indicatmg when Smnf il '^T"*^ ^ appliance 

available at these two points on cKc of P° ^ provided with 

the cireuit-breaker B. ^ a furS^rTeon or more outlets sockets to accommodate 

45 lamp Q across the ftise F lighteup only °J appliances, in whKh case it is 

when that fuse blows ^ arranged that the insertion of each addi- 110 

J ... . ■ , , tional plug interrupts the earth loop and 

in certam circumstanoes. where the mains connects in scries with It the earth leads 

supply network is sudi that there may be and casing of the further appliance 
an appreciable voltage drop in the nuetial 

60 conductor, producing a potential difference WHAT I CLAIM IS-— 

between neneral and earth, the worktop of 1. An electtical protecUve device for 115 

the device may be adversdy affected, smce interposiUon betvircen an alteraatlng current 

this potential difference will appear in series mains supply which Indudes an »wth con- 

KK ^°™8f sepondary winding ductor and a current-consummg appliance. 

66 10 of the transformer T. either augmenting the device comprising a relay or cirenit- 

oropposmg it. depending on the phase rela- breaker having contact which open to 120 

tion ship. Accprdmgly Figure 3 shows a isolate the apparatus from the supply, the 

modification whidi may be embodied in the operatmg coil of the relay or circuit-breaker 

fWi th^^Kn,^^"^^^^ ^ ^ .ov«come deriving its operating voltage from a source 

Wr^^^l^' «"npnsw sunply the dependent on the sum of two magnetic 

L^";"?"^ "f^^ ^"'^S* ^'"'^ or fro"" *e sum of voltages del^ 125 

between the output terminals of the sccon- from two magnetic fluxes, the fluxes being 

daiy wmdmg 10 and tte low-voltage droiit derived from the voltogcs across two kSI 

RK JL*"?PtS*" H^^^ drculatcd of conductors of tiie device, one . of &ese 

66 though tile eartii connecUons of tire appli- conductors being tiie earth conductor. 
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whereby if the smn of the fluxes or of the 9. Ab electrical protective device accordw 66 
volta^ IS subsUntiaDy below its correct ing to Claim 8. in which the manually 

value the relay or circuit-breaker will re- closed drcuit-trcakcr is urged towards the 

main open and the appliance will be isolated open position by losilient means but, on 

5 from the supply . closure, is retained in the closed position by 

; * ™ electrical protective device accord- a mechanical link engaged only on closure 

ing to Claim 1, suitable for a smgle-phase of the coil-dpcrated relay or circuit-breaker 

alternating current supply having a live and 10. An electrical protective device 

a neutral conductor wherein the one mag- according to Claim 9, in which the circuit of 

10 netic ifiux is derived from the voltage the relay or circuit4>reakor operating cofl 

appearing between the live and neutral con- includes the earth and neutral conductors as 

ductors of the device and the other between specified in Qalim 7, and in whidh the 

the live and earth conductor. manually dosed drcuit-breakcr inchides 

3. An electrical protective device accord* additional contacts arranged to bridge 
ing to Qaim 2, wherein the operating across between the earth and neutral con- 
voltage is derived from the secondary wind- <l«ctors of the device at points between the 
ing or windings of a transformer asse]xd>ly «>ntacts of the coil-operated relay or drxniit- 
having two primary windings connected res- ^^l^^r and the dutput terminals of the 
pectively across the two pairs of conductors, device, these additional contacts being 

4. An electrical protective device accord- ^osed on manual operation but re-opraied 
ing to Qaim 3 wherein die transformer ^ resilient means on release^ irres- 75 
assembly comprises a smgle transformer P^vc of the position of the mechanical, 
having two pnmary windings and a single • 

secondary winding. 11- An electrical protective device 

5. An electrical protective device accord- according to Claim 7 in which the supply 
ing to any of Qaims 2 to 4, including a circuit to the operating coil mcludes a 80 
differential current relay connected in the rectifier whereby the operating current which 
live and neutral conductors of the device circulates through the earth and neutral con- 
and adapted, on die cimcnt in the live ductors is unidirectional. 

30 conductor exceeding that in the neutral con- ^ electrical circuit conu>rising a 

ductor, to interrupt the operating circuit of current-consuming appliance fed through a g5 

the relay or drcuit-breaker opwating coil. Novice according to Claim 6 from an alter- 

6. Anelectrical protective device accord- i^tuvs current mains supply, in which the 
ing to any of Claims 2 to 5, in which the current-consuming elment is endosed in 

35 operating circuit of the relay or circuit- dcctricaDy conducring sheath, and this 

breaker operating coil includes a pair of ^^heath forms tb'ft said earth loop, 

output terminals of the device adapted to be ^ electrical circuit oomimsing a 

bridged by an earth loop on the appliance, current-consuming app^ance fed throng a 

7. An dectric^ protective device accord- device according to Claim 6, in which the 
40 ing to any of Oaims 2 to 6, in which the dcctricali in^sulation between the currctnt- 

circuit of the relay or circuit-breaker carrying dement of the appliaiKe and the 
operating coil indudcs the earth and neutral ^^9P is of a kind such that its dec- 
conductors of the device and is only com- ^cal resistance falls above a predetermined 
pleted if the device is connected to the temperature. 
45 supply and the earth and neutral conductors ^ elcctricai protective device 



90 



05 



of die supply have a common point arranged and connected substantially as ^oo 

8. An electrical protective device accord- described with reference to the accompany- 
ing to any of Qauns 1 to 7 including a drawings, 
manually closed circuit-breaker interruptmg 
60 all the conductors of the device and disposed BARKER, BRETTELL & DUNCAN 
electncally between the mput terminals of Chartered Patent Agents 
^e device and the points of connection to Greenfield Crescent,' 
the conductors from which the voltages pro- Edgbaston 
dudng the magnetic fluxes are obtained. Birmmgham 15. 

PROVISIONAL SPECIFICATION. 

Protective Device for Electrical Circuits and Apparatus. 

t Michael <^toku0sGei^^ This invention is concerned with a 

Subject, of 18 Hi^cld Road, Cheadle device for protecting alternating current 

105 Hulme. Oieshire do h«eby declare this electrical circuits and apparatus, in particu- 110 

mvention to be described in the following lar portable apparatuSr agaiilst dangers 

statetnent :— arising through faults and also against those 
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arising through incorrect connections being 
made. 

A large proportion of portable domestic 
electrical appliances such as suction cleaners. 
o hairdryers, lawn mowers, electric. blankets, 
portable drills^ are at the present day still 
only fitted with two-core cables, having live 
and neutral only* and there is no legal com- 
pulsion for the provision of an earth con- 

10 ductor. The consequent danger of the 
appliance becoming electrically live is 
increased if in addition the leads are con- 
nected wrongly to the supply so that the 
single-pole switch is in the neutral instead 

15 of in mo live conductor. 

Where three pin earthed supply sockets 
are provided there is still nothing to ensure 
that three-core cable is used to the appli- 
ance, and furthermore even where three-core 
cable is used there is no certain^ that it will 
be connected correctly. When it is appreci- 
ated that there are six different poss3>le 
ways of connecfiing three wires to three 
terminals, only one of which is correct, it 
will be understood that it is very easy for 
an appliance to be wrongly connected to 
a plug by inexperienced hands. Frequently 
the appliance works satisfactorily and the 
danger is -not realised until an accident 

3^ rcsultsV" 

Again, even with the appliance correctly 
wired to the plu^ any interruption of the 
earth conductor will not be detected and the 
appliance will continue to be usied in a 

35 potentially dangerous state. In industry the 
earth connection of portaUe appliances is" 
often checked by discharging a heavy 
current throng^ it from a test instrument 
from time to time, but no such check pro- 

40 tects the domestic user of appliances. 

The aim of the invention is to overcome 
these drawbacks and to provide, as far as 
possible, an effective safeguard both against 
incorrect cormection of the apparatus and 

45 against failure of the earth conductor, in 
ad<^tion to the usual fusible links in the 
supply protecting against overloads and 
short-circuits. 
According to the invention a circuit for 

50 connecting an electrical api^ance to an 
altematmg current supply, which supply 
includes an earth conductor, incorporates 
a relay having contacts which open to iso- 
late the apparatus firom the supply, the 

55 operating coil of the relay being energised 
by a magnetic flux derived from a combina- 
tion of fluxes energised from two different 
pairs of conductors in the circuit, one of 
which is the earth conductor, whereby if this 

60 magnetic flux is substantially below its 
correct value the relay will remain open 
and the appliance will be isolated from the 
supply. 

In the case of a single phase supply the 
65 current for the relay coil may for example 



be derived from a potential source compris- 
ing the series-connected secondaries of two 
transformers^ the primaries of which are 
connected respectively one between the con- 
ductor intended to be connected to the live 70 
terminai of the supply and the conductor 
intended for earth, the other between that 
intended for the live terminal and that 
intended for the neutraL If the three con- 
ductors are correctly connected to live. 75 
neutral and earth of the supply, theJn there 
will be substantially the full supply voltage 
across each primary and t^ resulting 
secondary voltages, which add up. are 
arranged to be su&cient to close the relay. 80 
If, however, any or almost any of the con- 
nections are interchanged or if there is a 
break in a conductor, one or other or both 
b! the voltages will not appear and the 
relay contacts will remain open, isolating 85 
the appliance from the supply. It will be 
appreciated that this circuit according to 
the invention diecks the continuity of the 
earth connection right back to the point 
of the mains simply where earth and neutral 90 
become common. 

According to a further feature of the 
invention provision is made for the passing 
of a current continuously through the pro- 
tective earth sheath of the appliance, and 95 
any interruption of this current, such as 
would be caused by damage to the sheath, 
will isolate the appliance from the suppljr. 
For example, the current to the relay coil 
mentioned earher could be passed thiougji 100 
the sheath. In an electrically heated 
blanket, warming pad, mattress or the like, 
for example, the hjeating element may be 
enclosed in a continuous braided flexible 
metal covering of which one end is earthed iq5 
and of which the two ends are connected 
in series with the transformer secondaries 
mentioned earlier. Then any fracture of 
the braided covering will interrupt the 
supply to the relay coil and isolate the HQ 
appliance. 

The circuit according to the invention inay 
be conveniently constructed as a unit having 
three input terminals for connection to the 
sup^y and four (or only three if no current 115 
is to be passed through the earthed sheath 
of the appliance) ou^)ut terminals for con- 
nection to the appliance. The unit incor- 
porates the relay, the two transformers 
(which may be wound on a single core for 120 
convenience) and also an ear& leakage 
relay, the coil of which is in scries with that 
conductor which is intended for connection 
to the earth of the supply and the contacts 
of which are normally closed and are in 125 
series with coil of the main relay. Then 
any leakage to earth caused by a short 
circuit ^m the element or winding of the 
appliance to the sheath will energise the 
earth leakage relay which in turn will 130 
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interrupt the circuit to the coil of tiie main 
relay and the appliance wiQ be isolated. 

Both the earth leakage relay and the main 
relay may indude extra contacts controlling 
the illumination of one or more low voltage 
lanips visiWe' from outside the unit and 
indicating the working of the device. The 
lamps conveniently derive their power from 
an extra winding on the transformer core. 

The unit may also incorporate an on/off 
switdi for the appliance, either singlc-polc 
in the live conductor or double-pole in the 
live and neutral conductors if picferred. 

It wiH be appreciated from the foregoing 
that the unit will only allow the connection 
of tbo appliance to the supply when all three 
connections to the supply are coxrectly made 
and are continuous, and the earth sheath of 
the apfdiance itself is unbroken. There- 
after Uie appliance wiH immediately be 
wholly isolated from the supply In the event 



of (1) any breakage in the contimiity of the 
earthing system anywhere b^orc Or after 
the umt. (2) any breakage in the neutral 
conductor in or before the device, (3) airy 25 
breakage in the live conductor in or before 
the device, and (4) any fault arising which 
connects to the earth conductor any point 
in and -between the live and neutral con- 
ductors, 30 

Whilst the invention has been described 
with reference to a singje^phase supply, it 
will be understood that it can readily be 
adapted to give equally effective protection 
to an appliance fed from a three-phase or 35 
other multi-i^ase supply. 

BARKER, BREITELL & DUNCAN. 
Chartered Patent Agents. 
75 & 77 Colmore Row, 
Birmingham 3. 
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830,018 COMPLETE SPECIFICATION 

2 SHEETS 71,1, drawing Is a reproduction of 
the Original on o reduced scale, 
SHEETS I & 2 




M0000345 




M0000346 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□IlINES or MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



